In this report we compare the bioactivities of pure, human monocyte-derived interleukin 1 (ILI-) a and ft in the standard murine thymocyte proliferation assay, a human dermal fibroblast proliberation assay, and in an assay measuring stimulation of prostalandin E2 (PGE2) release from human rheumatoid synoviocytes. In each case the different species of IL-1 produced saturable stimulation and gave similar dose response curves. Half-maximal stimulation was observed at average IL-I concentrations of 29 pM in the thymocyte assay, 2 pM in the dermal fibroblast proliferation assay, and 5 pM in the synovial cell assay. Our results show that native, monocyte-derived IL-la and II-10 are both potent stimulators of connective tissue cells and that the specific bioactivities of these molecules are similar to each other in tests on human connective tissue cells, as well as on murine lymphoid cells.
Introduction
Although originally described as a thymocyte activation factor, it is now known that interleukin 1 (IL-I)' acts on a variety of different target cells and exerts a broad range ofbiological effects (1, 2) . Furthermore, it is clear that human monocytes produce more than one form of IL-i. Several different charged species of human IL-I have been reported (3, 4) and complementary DNAs (cDNAs) for two distinct IL-I molecules termed a and B have been isolated (5) (6) (7) . The relative importance of these molecules during immune responsiveness and inflammation, however, remains to be determined. We have previously purified the isoelectric point (pI) 6 .8 species of human IL-I (IL-1/6.8) and have shown its amino acid sequence to be homologous with that predicted by IL-l # cDNA (8) . More recently we have also 1 . Abbreviations used in this paper: cDNA, complementary DNA; HPLC, high performance liquid chromatography; [3H]TdR, tritiated thymidine; IL-I, interleukin 1; PGE2, prostaglandin E2; pI, isoelectric point; SDS-PAGE, sodium dodecyl sulfate-polyacrylamide gel electrophoresis. succeeded in purifying two acidic species of IL-I having pIs of 5.4 (IL-1/5.4) and 5.2 (IL-i1/5.2) (9) . Sequence analysis of these molecules indicates that they are homologous with the protein encoded by IL-la cDNA and that they differ only by the presence of an unidentified NH2-terminal blocking group in the case of IL-1/5.4 (9) . The availability of these purified species of IL-I has made it possible to directly compare their specific bioactivities on target cells relevant to inflammatory processes. In the present study we have tested native, monocyte-derived IL-1,8 and the two species of IL-la for their ability to stimulate fibroblast, as well as thymocyte, proliferation. In addition, the three species of IL-I have been tested for their ability to stimulate prostaglandin E2 (PGE2) release from human synovial fibroblasts, a target cell relevant to the pathogenesis of rheumatoid arthritis. While previous work has suggested that the different species of IL-I each exhibit the same spectrum ofbioactivities (4), without purified protein it was not previously possible to determine the specific activities (units per milligram), and thus the relative potencies, of these molecules. This information is essential, however, in assessing the physiological and pathophysiological roles ofthe different species of IL-1. In addition, the information provides an important data base for evaluation of recombinant IL-1 preparations, since it will be necessary to determine how such preparations compare with natural, monocyte-derived IL-1.
Methods
Production and purification ofmonocyte-derived IL-Ia and IL-1I,. Human IL,-I (pI 6.8) and IL-la (pl 5.2 and 5.4) were separately isolated from the supernatants of stimulated mononuclear cells as previously described (8, 9) . For most of the present work we used the identical pI 6.8, 5.4, and 5.2 IL-I preparations previously characterized by Cameron et al. (9) . Rechromatography of these preparations via reverse-phase high performance liquid chromatography (HPLC) indicated that they were homogeneous, and upon sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and silver staining each of the IL-I species appeared as a single band with a relative molecular mass (Mr) of 17,500 (9) . In addition, amino terminal sequence analysis of purified IL-1/6.8 and IL-1/5.2 has revealed a single NH2 terminus in each case (8, 9) . A second set of IL-I preparations was also used in some ofour experiments. Like the other preparations these were pure as assessed by reverse-phase HPLC and by SDS-PAGE and silver staining. Protein concentrations were determined as previously described (8) , by integration of absorbance profiles obtained at 210 nm as the pure IL-I species eluted from a reversephase HPLC column. The integration function of the detection system was calibrated by chromatographing known amounts of pure ribonuclease. This method has been previously validated by obtaining similar concentrations by amino acid analysis of HCI hydrolysates (8) .
Thymocyte proliferation assay. The ability of IL, I to stimulate pro-liferation of C3H/HeJ thymocytes cultured in the presence of phytohemaglutinin was assessed in the standard murine thymocyte proliferation assay as previously described (10 Human synoviocyte stimulation. Human synovial tissue samples were obtained from patients with rheumatoid arthritis undergoing total knee replacement surgery and cell cultures were established using the methods ofBaker et al. (12) . The cells received a medium change -48 h postplating and 2-3 d later the medium was again removed and test samples in fresh Dulbecco's modified Eagle's medium with 10% fetal calf serum were added. After a 24-h incubation, PGE2 in the culture supernatants was measured by radioimmunoassay as described by Humes (13) .
Results
To evaluate the activities of the different IL-I preparations, we first tested each in the murine thymocyte proliferation assay, the standard assay that has been used to measure IL-I bioactivity. Consistent with our previous results (9), the dose response curves obtained for each ofthe different IL-, species showed saturability and were nearly superimposable (Fig. 1) . Half-maximal stimulation of thymocyte proliferation was observed at IL-, concentrations averaging 506 pg/ml or 29 pM. The range of IL, I concentrations required for half-maximal stimulation in four experiments of this kind was 24-34 pM.
Each of the purified species of IL-l was next tested for its ability to stimulate human dermal fibroblast proliferation. Two different sets of IL-I preparations were used for these experiments. Fig. 2 shows our results. Each form of IL-I stimulated [3H]TdR incorporation in a saturable, dose-dependent manner and as was the case in the thymocyte proliferation assay, the dose response curves for the different forms of IL-1 were nearly identical. In the fibroblast assay, however, half-maximal activity was obtained at an average concentration of -30 pg/ml for each species of IL-1, or 2 pM. Little variability was observed in fibroblast responsiveness from experiment to experiment (Fig. 2) . The assays shown in A and B were performed with the set of IL-I preparations used in Fig. 1 , while those shown in C and D were performed with a second, independently purified, preparation of each IL-1 species. Each point represents the mean of quadruplicate determinations.
gave identical results. Half-maximal activities calculated from the different curves shown ranged from 16 to 90 pg/ml (i.e.,
1-5 pM).
The abilities of the different species of IL-I to stimulate synoviocytes isolated from human rheumatoid pannus were also analyzed. Because synoviocytes have been reported to produce large quantities ofPGE2 in response to IL-1 (4, 14) , dose response analyses of PGE2 induction were used to evaluate the specific bioactivities of the different IL-I species in this system. All experiments were carried out on primary cell cultures and cells derived from seven different patients were tested. The results of two representative experiments performed on cells obtained from different patients are shown in Fig. 3 . While in some experiments (Fig. 3 A) IL-1/6.8 appeared to be somewhat more active than the acidic species ofIL-1, in other cases (Fig. 3 B) the same three preparations ofthe IL-l species had virtually identical activities. In all experiments, however, we found that the synoviocytes responded to low picomolar concentrations of each of the different forms of IL-1. Half-maximal stimulation was observed at IL-I concentrations averaging 84 pg/ml or -5 pM. The IL-l concentrations required for half-maximal stimulation of PGE2 release in different experiments ranged from 0.5 to 7 pM for IL-1/6.8, 1 to 11 pM for IL-1/5.4, and 1 to 13 pM for IL-1/5.2. Discussion The proteins encoded by IL-la and IL-1,(3 cDNA have only 26% amino acid homology (6) and the secreted IL-1 molecules corresponding to these cDNAs have little or no antigenic similarity (9, 15 (17) in experiments where they test recombinant human IL-1 a on fibroblasts. These authors utilized the same human fibroblast strain that we use in the present study and observed half-maximal stimulation of proliferation at 160 pM. Half-maximal stimulation of PGE2 release from the same cells was obtained at 286 pM. In a note added in proof, however, the authors state that they observe at least a 20-fold increase in specific activity in the murine thymocyte proliferation assay when they use recombinant IL-la that has been purified from Escherichia coli without the use ofchaotropic agents. Were a similar increase in bioactivity to be observed in the fibroblast assays, the specific bioactivity of the recombinant IL-la molecule would then approach that which we currently report for monocyte-derived IL-1.
In the present study, we observe half-maximal stimulation of fibroblast proliferation at concentrations of IL-I fivefold to 34-fold lower than those required for half-maximal stimulation ofmurine thymocyte proliferation. This may mean that the murine IL-i receptor has lower affinity than the receptors found on human fibroblasts for human IL-I or that more receptor binding sites need to be occupied in the case of murine cells to obtain full activation. Receptor binding studies on these different target cells with labeled human IL-I need to be performed to understand the difference in sensitivity ofthese different cells to human IL-I molecules.
Given the nearly identical specific bioactivities observed for each of the human IL1I species on all three target cells studied, the data are consistent with the hypothesis that the different IL-1 molecules activate target cells via a single class of receptor sites. Cross-competition between IL-la and IL-1I3 has been reported in receptor binding assays on a murine T-lymphoid line (16) . However, the receptors identified exhibited low affinity (equilibrium dissociation constant [Kd] 1 nM) and thus are unlikely to mediate the biological effects observed at low picomolar concentrations of IL-1. Competitive receptor binding studies performed on human connective tissue cells should clarify whether one or two types of receptors mediate the biological responses of these highly sensitive cells to IL-1.
The role of IL-I in chronic inflammatory disease is likely to be a complex one. Connective tissue cells can respond to IL-1 in a number ofways. In addition to stimulating release of PGE2 (4, 14) and increased cellular proliferation (11, 18) , IL-I has also been reported to stimulate production of collagenase and proteoglycanase (19) (20) (21) (22) , to stimulate cartilage and bone resorption (21, (23) (24) (25) (26) , and to stimulate synthesis of a tissue inhibitor of metalloproteinases (20) . Increased collagen and fibronectin synthesis has also been reported (27) . The present results demonstrate that human dermal fibroblasts and human synoviocytes are exquisitely sensitive to both the acidic and neutral species ofhuman IL-I and thus suggest that IL-la and IL-1(f are similar in their ability to modulate the functions of connective tissue cells.
